CH 3 NH 3 PbI 3 (MAPbI 3 ) is efficiently used as photosensitizer in many optoelectronic hybrid devices in conjunction with carbon nanomaterials, due to the exceptional, but still not completely explained, physical properties favorable for light harvesting (i.e. direct bandgap, large absorption coefficient, long charge diffusion lengths), chemical flexibility and low-cost solution-based processability [7] [8] [9] [10] . Several types of heterostructures have been made by combining MAPbI 3 and different carbon materials. Fullerenes have been reported to enhance the stability and to reduce drifts and hysteretic effects of MAPbI 3 solar cells 11, 12 . Incorporation of graphene and carbon nanotube films resulted in semitransparent flexible solar cells 13, 14 . The graphene lead-halide interface as a hybrid phototransistor was used as a high-sensitivity phototransistor owing to the successful photo-gating of graphene [15] [16] [17] .
Here we studied the light induced transfer characteristics of micro-fabricated field-effect transistors, built from individual metallic and semiconducting CNTs and CH 3 NH 3 PbI 3 nanowires (hereafter MAPbI 3 NW). The sensitization of individual CNT-FETs with a network of MAPbI 3 nanowires resulted in responsivities as high as 7.7x10 5 A/W and external quantum efficiencies of 1.5x10 6 owing to the successful doping and gating of CNT-FETs. According to our knowledge, our microfabricated hybrid devices attained best-in-class responsivity in lowintensity visible-light detection. The extremely high sensitivity of the present MAPbI 3 NW/CNT field-effect phototransistors (FEpT) is related to the mechanism reported on graphene/MAPbI 3 hybrid photodetectors [15] [16] [17] . Importantly, however, because of the unipolar nature of CNT FETs, the present MAPbI 3 NW/CNT FEpT photodetectors can be switched off unlike the graphene/MAPbI 3 counterparts [15] [16] [17] .
The fabricated field-effect transistors are appropriate tools to obtain valuable information about the light induced charge transfer phenomena at the interface by means of fairly simple electrical transport measurements, as FETs use an electric field to control the conductivity of a channel of one type of charge carrier in a semiconductor material. Detailed analysis of the device characteristics unraveled the charge transfer process between the intimate contact of MAPbI 3 and metallic or semiconducting CNTs. Despite the remarkable progress in prototype building, however, there is a lack of knowledge about the fundamental chemical and photophysical characteristics of the interfaces formed between the carbon nanomaterials and the organometal halide perovskites. Infrared (IR) and Raman spectroscopy of semitransparent highly purified single-walled nanotube buckypapers and MAPbI 3 nanowire composites confirmed the observed photo-induced charge transfer process.
Results and discussion
The fabrication of our MAPbI 3 NW/CNT photo-FET has started with the fabrication of an individual CNT based FET. The fabrication of the CNT-FETs involves first the metal catalyst deposition to lithographically predefined positions. The cobalt-containing resist was spincoated on a highly p-doped Si substrate with 200 nm thick SiO 2 thermally grown on top.
Patterning the resist by electron-beam lithography created dots of metal ion doped resist as small as 100 nm (Figure 1a) . The catalytic nanoparticles were formed by burning the organic resist at 800°C in oxygen (Figure 1b) . Carbon nanotubes were grown by CVD at 800°C using ethanol as a carbon source ( Figure 1c) . Next, CNT-FETs were fabricated by patterning and evaporating the source and drain metal contacts (Ti/Pd 1 nm/70 nm, Figure 1d ). 
Experimental Section
Resist preparation. A high-resolution Cobalt-containing negative-tone resist was prepared by dissolving 0.2 wt% of 4-Methyl-1-acetoxycalix [6] arene (Synchem OHG) in monochlorobenzene and 0.2 wt% of Co(III) acetylacetonate, (Sigma-Aldrich GmbH, 99%). After stirring for 1 hour at 700 rpm the solution was filtered through a 0.2-mm Teflon membrane to remove potential solid residues.
Nanoparticle localization. The resist was patterned by e-beam lithography with a Vistec EBPG5000 operating at 100kV and 1nA. The nucleation centers were localized by a reactive ion etch step of 10 seconds with an Adixen AMS200 and a gas mixture of Ar and C 4 F 8 .
Carbon Nanotube synthesis. The deposited nanoparticles are catalytically activated by a 10 min reduction at 800 °C under controlled atmosphere (Ar/H 2 8:1 vol%). Next, ethanol vapor was introduced in the quartz tube using Argon and Hydrogen (1:2 vol%) as carrier gas.
After 5 minutes the carbon source was evacuated and the samples were cooled down to room temperature.
Carbon Nanotube film synthesis. Films of single walled carbon nanotubes were prepared from P2 and semiconductor enriched nanotubes as described by Borondics et al.
24
MAPbI 3 nanowires synthesis. The network of MAPbI 3 nanowires was subsequently deposited by the slip-coating technique reported by Horv th et al.
18
Photoelectrical characterization. The photoelectric response measurements of the fabricated hybrid devices were performed using a standard DC technique. The light sources used were a red laser beam ( ) with a spot size of about 4 mm. All the measurements were performed at room temperature and in ambient environment.
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Estimation of the charge carrier mobility
The hole mobilities of CNT-FETs were extracted from the linear region of the transfer characteristics using the expression for the low-field field-effect mobility An additional semiconducting hybrid device was characterized under the same experimental conditions as the one described in the main text. The photo-induced charge modulation (both positive and negative) was also recorded, with the difference that the number of scattering centers generated was not enough to completely switch off the channel ( Figure S1a ).
Moreover, an individual metallic nanotube was also sensitized with the perovskite nanowires but in this case no photocurrent was observed ( Figure S1b ).
Infrared and Raman spectroscopy
Depositing the CH 3 NH 3 PbI 3 nanowires affected only the IR, but not the Raman spectra of the CNT Buckypaper films. As the strong resonance Raman lines of the nanotubes dominate the spectra over molecular vibrations ( Figure S2 ), information on chemical transformation is drawn from the D/G peak ratio. Chemical functionalization should result in the increase of this ratio; the lack of such increase indicates that little, if any, change in the bonds attached to the tube walls occurred. Charge transfer, i.e. doping of the tubes would cause an overall decrease in all peak intensities; however, such a change is difficult to observe because of the relative nature of the measurement (all spectra are normalized to the G peak) and the necessity of baseline correction due to the strong MAPbI 3 luminescence. Such subtle effects in the electronic structure show up much more clearly in the IR/NIR spectra.
After initial deposition of the nanowires, infrared-active vibrations of MAPbI 3 1 appeared ( Figure S3 ) but the S 11 electronic transition of the carbon nanotubes was not affected ( Figure  S4 ). Significant changes happened on illumination, as shown in Figure S4 . The quantity derived from the measured transmittance, T, is
the change in absorption due to illumination. This change consists of an increase in the lowfrequency absorption, together with a decrease in the S 11 transition, indicative of charge transfer 2 . Most of the increase is observed in the first 10 minutes of illumination, but it is continuous up to about 35 minutes. The effect is reversible, although relaxation to the original state after switching off the light is slower. 
Infrared Spectra
Below we compare the infrared spectra of MAPbI 3 pristine nanowires with those of the hybrid structures formed by MAPbI 3 NW and CNT films. Adhesion to the surface splits some lines in the MAPbI 3 spectrum. The nanowire spectra were recorded in diffuse reflectance (DRIFT) mode, all others were calculated from transmission. 
Changes in infrared spectra upon illumination
Based on IR spectra below we compare the change of a MAPbI 3 -semiconducting CNT hybrid to that of the pristine nanotube sample after 10 minutes of illumination. The hybrid structure shows the effects of nanotube doping (explained in the DOS illustrations for electron doping): increase in the low-frequency free-carrier absorption and decrease of the S 11 transition intensity due to filling of final states. 
